Helicobacter pylori is a gram-negative pathogen that colonizes the stomachs of over half the world's population and causes a spectrum of gastric diseases including gastritis, ulcers, and gastric carcinoma. The H. pylori species exhibits unusually high levels of genetic variation between strains. Here we announce the complete genome sequence of H. pylori strain G27, which has been used extensively in H. pylori research.
Helicobacter pylori was the first organism for which the genome sequence of multiple isolates was determined (1) , revealing a great deal of genetic variation at both the sequence and gene content levels. This sequence variation poses challenges for researchers using H. pylori strains for which the full genome sequence has not been determined. H. pylori strain G27, which was originally isolated from an endoscopy patient from Grosseto Hospital (Tuscany, Italy) (7), has been used extensively in H. pylori research. It is readily transformable and therefore amenable to gene disruption (6) . In addition, it efficiently delivers the translocated effector protein CagA to cells in culture, facilitating the cell biological analysis of this important virulence factor (2, 8, 9, 12, 13) . The strain has also been subjected to multiple experimental adaptations to new environments, including growth on canine kidney epithelial cells (2), serial passage through the mouse stomach (3, 5) , and adaptation to in vitro growth in the presence or absence of a functional natural transformation system (4). Determination of the complete genome sequence of G27 will facilitate research with this strain and provide a foundation for molecular evolution studies of the genetic basis for its adaptation to new environments. The complete genome sequence of H. pylori strain G27 was determined at the Washington University School of Medicine Genome Sequencing Center. Genomic DNA from an isolate of strain G27 that had been minimally passaged in the laboratory was purified by CsCl gradient centrifugation as previously described (11). The genomic DNA was used to generate plasmid and fosmid libraries, both of which were subjected to whole shotgun Sanger sequencing (4,609 total reads). In addition, the genomic DNA was analyzed to 20-fold coverage by 454 pyrosequencing (10,752 total reads). The combined data were assembled to generate a draft sequence of the G27 genome. Gaps in the assembly were then filled in by targeted Sanger sequencing. Total Q20 coverage per base for the finished assembly is 9.2ϫ. Protein coding regions were identified by comparing outputs from both the Genemark and Glimmer programs with a minimum cutoff size of 50 amino acids.
The G27 genome consists of a single circular 1,652,983-bp chromosome that is AT rich (61.1%), contains 1,515 open reading frames (ORFs), and is similar in size and composition to the other published H. pylori genomes of strains 26695, J99, and HPAG (1, 10, 14) . G27 also contains one 10,032-bp ATrich (65.2%) plasmid that encodes 11 genes and resembles the plasmid found in strain HPAG (10) . The G27 cag pathogenicity island contains a transposon, but this does not disrupt any of the open reading frames and is not predicted to interfere with the type IV secretion system delivery of CagA into host cells. Similar to strains J99 and HPAG but in contrast to 26695, G27 has a single plasticity region, between HPG27 ORFs 927 and 985, which contains many H. pylori-specific genes that are variably present between strains. G27 contains 58 genes that are not found in 26695, J99, or HPAG, as defined by a blastp hit of 1e-5. The majority of these G27-specific genes are predicted to encode hypothetical proteins.
Nucleotide sequence accession numbers. The GenBank accession number for the H. pylori strain G27 chromosome is CP001173, and that for the G27 plasmid is CP00174. The G27 genome sequence can be interrogated and compared with the other sequenced Helicobacter genomes by using the University of California Santa Cruz Microbial Genome Browser at http: //hpylori.ucsc.edu. The contents of this report are our sole responsibility and do not necessarily represent the official views of the NIH.
